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Abstract Netw or k congest ion happens if the sour ce tr af fic load exceeds the max imal t ransport
capacity at any point in a netw o rk. For w ireless sensor netw o rks, the node level congest ion leads to a
larg e amount of packet drop, causes the t ranspo rt capacity to degr ade, and increases the netw or k
latency. Part icularly, more packet ret ransmissions under netw ork congest ion w aste the lim ited ener gy
of netw ork nodes, and sho rten the netw ork sy stem lifet ime. How ever, the end to end congest ion
contro l in w ir ed netw orks is no t appr opriate to w ir eless sensor netw orks, due to the radio channel and
the tr af fic pattern in w ireless sensor netw orks. In this paper, a node level congest ion avo idance
algo rithm for w ir eless sensor netw or ks is proposed. The pr opo sed alg orithm consists of tw o parts,
one is the sending w indow based congest ion avoidance and the other is the priority based packet
sending str ategy . Under the proposed algorithm, every sensor node assigns a sending w indow for each
upst ream node by some st rategies, and the upst ream node which obtains available sending w indow
sends the packet with the highest pr io rity in order to improve the netwo rk perfo rmances, such as
fair ness and latency. The simulat ion results show that the pr opo sed alg orithm is energy eff icient , not
only reducing the packet drop rate o ver netw orks, but also impr oving ef fect ively the netw or k
t ransport fair ness and the average netw o rk latency .
Key words w ireless sensor netw orks; congest ion avoidance; sending w indow ; packet scheduling;
energ y ef ficiency




发送以改善网络服务质量. 模拟实验表明, 提出的算法具有良好的能量有效性, 有效地避免了由节点缓
冲区溢出造成的网络丢包, 同时改善了网络传输的公平性并降低了网络的平均延迟.






















WSN应用[ 5] ,近年来, 研究人员针对传感器网络应
用及通信方式的特殊性提出了一些相关的解决节点
























节点拥塞的算法 CA. CA 要求节点只有在确定其
下一跳节点有可用缓冲空间的情况下发送数据包,

























生率可调; 4)无线信道误码率为 0; 5)网络路由机制
是静态的或周期更新的.
在一个路由机制下, 如一个数据包从节点 u发




本文算法的基本过程如图 1 所示. 节点 c的上
游节点集为N
up
c .下游节点 c发送消息 que 来查询
上游节点的缓冲队列情况, N upc 中的节点向 c 发送





口的分配信息; 获得有效发送窗口(值大于 0 的窗
口)的上游节点可以向 c 发送一定数量的数据包





c 且当前发送窗口大于 0, 则不响应 c 发送的
que ,也不发送 r ep 消息, c不为 u 重新分配发
送窗口.另外,如果 u 完成了当前发送窗口, 则等待
c发送的下一个 que . 可见每个上游节点只能在收
到消息 asg 和之后的 que 之间发送数据包,所以 c
点处不会产生节点拥塞.








算法主要包含两类事件: 上游节点发送 rep 作为系
统输入;下游节点发送 asg 作为到信息输入端的反
馈.针对这两类事件,以事件驱动的方式描述本文的
算法:上游节点接收到消息 asg 执行过程 Pasg , 下
游节点接收到消息 rep 执行过程 P rep .
过程 P asg : { u收到 asg }
BEGIN
 if cw ndu > 0! cw ndasgnu = 0 then退出
∀ if cw ndasgnu > 0 then cw ndu= cw ndasg nu
# 更新队列内数据包的权值.
∃while cw ndu> 0且当前信道可用
do
p ack % p ( p = max
pack queue
{ pack } )
发送 p ack 
qu % qu- 1
bc % bc+ 1
cw ndu % cw ndu- 1
done
& 发送 que 
END
消息 asg 主要包括上游节点的 id 及为其分
配的窗口值 cw nd ,消息 que 主要包含本地节点 id
信息. 从过程 P asg可知, 如果节点 u 当前发送窗口
不为0,它就不响应下游节点的 asg , 与此同时,如
果 u没有获得有效的发送窗口, 则退出并进入休眠











其中, hp 表示数据包 p 到达当前节点时已被传输
的跳数, t
buff
i 表示 p 在第 i 跳节点队列内等待的时
间(从进入队列到成功被发送的时间间隔) .所以权






象.过程 Pasg表明, 节点 u没有获得有效窗口就不能







当节点接收到其上游节点发送的 r ep 时执行
的过程 P rep来决定如何为上游节点分配发送窗口.
r ep 主要包含发送节点的 id 和对应的队列长度 q
等信息.
过程 P rep : { c收到 u 发送的 r ep }
BEGIN
 Q( u) % qu




E(% { x | W (x )= max
u E
{W ( u) } }
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y % min { bc , qy }
bc % bc- cw nd asgny
W ( y) % 0
done
forall u E )qu> 0) cw ndasgnu = 0
W ( u) % W (u)+ 1
发送 asg 
END
在执行过程 P rep时, 每个节点维护 3个数据结




P rep的第 2步要求首先确定 E 中所有节点队列信息
之后才能分配发送窗口.另外,由于消息包 r ep 的
尺寸非常小,上游节点发送 r ep 的过程不会占用明
显的额外带宽, 进而对发送延迟影响不大.如果节点





窗口.如上游节点 y 获得了有效发送窗口, 其对应
的 W( y )被置为 0;如果一个上游节点没有获得有效














1000 ∗ 1000的正方形区域内, 基站位于该区域的右
边界中点上.节点的通信半径 r = 100,网络带宽为
0. 5M bps;每个数据包( pack )包含 32B,节点最大
可用缓冲空间为 20个数据包. 源节点产生 CBR流,
根据WSN 应用低数据率的特点,设置 CBR_rate=
1Kbps, 网络底 层采用最少跳数路由算 法和
802. 11DCF协议(不使用重传机制) . 所有模拟实验





数量. 可以发现 CODA 下网络丢包率较高, 第 100s
开始网络丢包率才趋于稳定. 因为 CA 和本文算法
都采取了预防拥塞发生的策略来进行拥塞控制, 所




Fig. 2 Compar ison of drop r ate over netw orks.
图 2 网络丢包率比较

























迟较 CA 有所改善, 主要是因为本文算法的基于发
送窗口的拥塞避免机制降低了数据包在缓冲区内的
平均等待时间.
Fig . 4 The average r outing hops per packet and
the average netw ork latency .
图 4 数据包平均跳数与网络平均延迟

























参 考 文 献
[ 1] Akyildiz IF, Su W, Sankarasubraman iam Y, et al . W ireles s
sensor netw orks : A survey [ J] . C om puter Netw orks, 2002,
38( 4) : 393 422
[ 2] Ren Fengyuan , H uang Haining, Lin Chuan g. W ireles s
sensor netw orks [ J] . J ou rnal of S of tw are, 2003, 14 ( 4 ) :
1282 1291 ( in Chinese)
(任丰原, 黄海宁, 林闯. 无线传感器网络 [ J] . 软件学报,
2003, 14( 7) : 1282 1291)
[ 3] T ilak S, Abu Ghazaleh NB, Heinzelman W . Inf rast ructure
t radeoff for sensor netw orks [ C] Proc of the 1st ACM
Work shop on Wireles s S ensor Netw ork s and Applicat ion.
New York: ACM, 2002: 49 57
[ 4] Wang C G, S oh raby K, Li B. A survey of t ran sport
protocols for w ireles s s ens or netw ork s [ J] . IEEE Netw ork s,
2006, 20( 3) : 34 40
[ 5] Sun Limin, Li Bo, Zhou Xinyun. A su rvey of congest ion
cont rol technology for w ireles s sen sor n etw orks [ J ] . J ournal
of Computer Research and Developm ent , 2008, 45( 1) : 63 72
( in Chinese)
(孙利民, 李波, 周新运. 无线传感器网络的拥塞控制技术
[ J] . 计算机研究与发展, 2008, 45( 1) : 63 72)
[ 6] Sankaasubramanianm Y, Akan O, Akyildiz IF. E vent to
sink r eliable t ransport in w ireles s s ens or netw ork s [ J] .
IEEE ACM Trans on Netw orking, 2005, 13( 5) : 1003 1016
938 计算机研究与发展 2009, 46( 6)
[ 7] Wan CY, Eisenman S, Campb ell A. CODA: C on gest ion
detect ion and avoidance in s ensor netw ork s [ C] Proc of
ACM SenSy s. New York: ACM, 2003: 266 278
[ 8] H ull B, Jamies on K, Balak rishnan H. Mit igatin g con gest ion
in w ireles s sensor n etw orks [ C] Proc of ACM SenSy s. New
York: ACM, 2004: 134 147
[ 9] E e CT, Bajcsy R. Conges tion cont rol and fairn ess for m any
to on e r ou tin g in s ensor netw ork s [ C] Proc of ACM SenSy.
New York: ACM, 2004: 148 161
[ 10] Yi Y, S hak kot tai S. H op by h op cong est ion cont rol over a
w ireless m ult ihop netw ork [ J] . IEEE ACM Trans on
Netw or king, 2007, 15( 1) : 133 144
[ 11] Li Sh anshan , Liao Xiangke, Zhu Peidong, et al . C on gest ion
avoidan ce, d etection and mit igat ion in w ireless sensor
n etw orks [ J] . Journal of Computer Research and
Development , 2007, 44( 8) : 1348 1356 ( in Chin ese)
(李珊珊, 廖湘科, 朱培栋, 等. 传感器网络中一种拥塞避
免、检测与缓解策略[ J] . 计算机研究与发展, 2007, 44 ( 8) :
1348 1356
[ 12] Ju H ailin g, Cui Li, H uan g Ch angchen g. EasiCC: A
congest ion cont rol mechanism for wi reless s ens or n etw orks
[ J ] . J ou rnal of C om puter Research and Developm ent , 2008,
45( 1) : 16 25 ( in Chinese)
(鞠海玲, 崔莉, 黄长城. EasiCC:一种保证带宽公平性的传
感器网络拥塞控制机制 [ J] . 计算机研究与发展, 2008, 45
( 1) : 16 25)
[ 13] Wan g C G, Li B, Soh raby K, et al. Upst ream con gest ion
cont rol in w ireles s s ens or network s th rough cross layer
opt imiz at ion [ J] . IE EE Journal on Selected Areas in
C ommunicat ions, 2007, 25( 4) : 786 795
[ 14] Zawodniok M, Jaqannath an S . Predict ive congest ion cont rol
p rotocol for w ireles s sen sor netw orks [ J] . IEEE Trans on
W ireles s C ommunicat ions, 2007, 6( 11) : 3955 3963
[ 15] Kang J, Zhang Y Y, Nath B. T ARA: Topology aw are
r esour ce adapt ion to alleviate congest ion in sensor n etw orks
[ J ] . IEEE T rans on Paral lel and Dist ributed Systems, 2007,
18( 7) : 919 931
[ 16] Chen S G, Yang N. Congest ion avoidance based on
lightw eight buf fer m anagement in sen sor netw orks [ J] .
IEEE Trans on Paral lel and Dist ributed Systems, 2006, 17
( 9) : 934 946
Sun Guodong, bo rn in 1981. Ph. D.
candidate in computer science o f H arbin
Institute of Techno lo gy , H arbin, China.
Student member of China Computer
Federat ion. His current research interests
include wireless sensor netwo rk and
embedded operat ing system.
孙国栋, 1981 年生,博士研究生, 中国计算机学会学生会员,
主要研究方向为无线传感器网络和嵌入式操作系统.
Liao Minghong, bo rn in 1966. Ph. D. ,
pro fesso r and Ph. D. superv isor in H arbin
Institute o f T echnolog y and Xiamen
University . H e is also the dean of the
National P ilot Softw are Schoo l o f Xiamen
Univ ersity , Xiamen, China. H is major
r esear ch inter ests include computer netw ork, p2p computing
and embedded oper ating sy stem.
廖明宏, 1966 年生, 博士, 教授, 博士生导师, 厦门大学国家
示范性软件学院院长, 主要研究方向为计算机网络、对等计
算和嵌入式操作系统.
Qiu Shuo, born in 1980. Received his
master deg ree in computer science from
H arbin Institute of Techno lo gy in 2005.
H e is a research assist ant in the Inst itute
of Computing Technolo gy , the Chinese
Academy of Sciences. His main research
inter est include dist ributed system.
邱 硕, 1980 年生,硕士, 实习研究员, 主要研究方向为分布
式系统.
Research Background
This w ork is support ed by t he Key Project of the National Natural Science Foundation of China under g rant No 60533110.
Congestion happens to w ireless senso r netwo rks when the incoming t raffic is beyond any node s capacit y, e. g. node s
pr ocessing capacit y and node s buffer. Congestion in w ir eless sensor netwo rks wastes the scarce ener gy because a lar ge amount
of packets drops and mo re and more ret ransmissions are invoked. Par ticular ly , since multimedia traffic in w ireless sensor
netw orks is increasing and the scale of netw orks becomes larg er, an amount of data flow s will inject int o w ir eless sensor
netw orks w ith limited energ y, constr ained radio bandw idth and mo re channel contentions. T hus the congestion alway s happens
to w ireless senso r netw ork and becomes a big challenge. Most of current wo rks uses some rate adjustment based schemes upon
congestion. How to avoid congest ion at node level befo re congest ion occurs is still lar gely open. In this paper, w e propo se a
novel node lev el congestion avoidance algo rithm fo r wireless sensor netw orks. The proposed algo rithm contains two str ategies,
one is the sending window based congestion avoidance, and the o ther the prio rit y based packet scheduling. The sending window
based scheme assigns bandw idth fo r node s upstream nodes evenly in aver age. T he pr ior ity based packet scheduling scheme
considers the difference o f prio rity of a ll upstream nodes. In fact the pr io rit y present s the packet transport lengt h and w aiting
time, so the pr ior ity based packet scheduling is able to improve the netw ork t ranspo rt fair ness and the net wo rk latency.
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